Introduction
FG Vir (HD 106384) is a multiperiodic δ Scuti star of magnitude V = 6.5. Breger et al. (1995) observed FG Vir during the combined DSN/WET campaign of March/April 1993 and during the DSN campaign of March/April 1995. After the 1993 campaign, they reported 10 frequencies with significant amplitudes (signal/noise ratio > 4.0) between 112 and 395//Hz (9.2 to 34.1 c/d). Breger (1995, private communication) also reports that at least 9 additional modes were detected in the 1995 DSN campaign. Breger et al. (1995) identify 10 frequencies as low-order nonradial ρ-and g-modes using evidence from several sources, including: (1) matches to the frequencies by stellar models of W. Dziembowski presented in Breger et al. (1995) , (2) amplitude ratios and phase differences between photometric measurements in different colors and (3) the spectroscopic moment method (analysis of line profile asymmetries, see Mantegazza, Poretti & Bossi 1994) . Here, we evolve stellar models of FG Vir, similar to those of Dziembowski, and compare our frequency predictions and mode identifications to those of Breger et al. In particular, we would like to determine how much differences in the evolution and pulsation codes by themselves affect mode identifications and inferences about the internal structure of the star. With this comparison, we hope to answer some general questions concerning the uniqueness of models that match the observed frequencies: how many frequencies are necessary to discriminate between possible models? Can we learn something about deficiencies in model physics such as opacities or the amount of core convective overshooting? Can we determine the metallicity or amount of helium diffusion by comparing observed and calculated frequencies?
FG Vir models
In our approach, we evolve 1.8 and 2.0 M© models to about the same luminosity and effective temperature as Dziembowski's FG Vir models in order to highlight the seismological prediction differences due to the evolution and pulsation modes. We adopt FG Vir parameters from Breger et al.: T eff = (7500±150) K, logy = (3.89±0.15) dex and log Lj LQ = 1.2 dex (My = 1.71 mag). We then vary the effective temperature slightly until our radial mode periods match those identified by Breger et al. as radial modes of FG Vir. We also follow Breger et al. in trying to match all of the frequencies using only t = 0, 1 and 2 modes, taking into account the possible rotational splitting and assuming solid body rotation of FG Vir of 46.3 km sec -1 . The models we use for pulsation analysis have 1700 zones, and are finely zoned both at the surface to resolve the driving region, and near the center to resolve the composition gradient and attendant spike in the Brunt-Väisälä frequency at the convective core boundary. Fig. 1 shows evolution tracks of 1.80 MQ models created by our version of the Iben (1963 Iben ( , 1965 evolution code with a mixing length/pressure scale height ratio of 1.4 and the composition Y,Z = (0.28,0.02). Our higher-luminosity evolutionary track uses the Iben analytical fit to the Cox-Stewart (1965) opacities, while the lower evolutionary track uses the OPAL (Rogers and Iglesias) tables (Anders-Grevesse 1993, solar mixture) and the low-temperature tables of Alexander L· Ferguson (1994) . All the evolutionary tracks use the Eggleton, Faulkner and Flannery (1973) Since Breger et al. mention that a 1.98 MQ model with different mode identifications may also match the observed FG Vir frequencies, we also evolve and calculate the pulsation frequencies for 2.0 MQ models with the same surface gravity as Dziembowski's model for comparison. We choose the effective temperature of the first model so that the observed 281 μΗζ frequency corresponds to log Teff Dawson et al. (1995) . We choose the effective temperature of the second model so that the dominant 147 μΗζ frequency corresponds to the radial first overtone, as suggested by Mantegazza et al. (1994) . Table 1 summarizes the properties of our models. All the models are on the main sequence, burning hydrogen in a convective core. Dziembowski's 1.80 M© model has a smaller convective core size and smaller central hydrogen abundance than does our 1.80 or 1.82 M© model. To match the 147, 235 and 281 μΗζ frequencies identified as radial modes by Breger et al., we need models with T e ff slightly lower than 7500 Κ (well within the observational uncertainties for FG Vir). The differences between the 1.80 and 1.82 M© models are interestingboth have the same L, T e ff and logg, but the 1.80M© model with slightly lower Ζ has a slightly smaller convective core which, as we will see below, noticeably affects the predicted frequencies. Table 2 summarizes our comparison of calculated and observed frequencies and possible mode identifications of the initial 10 modes for our 1.80 and 1.82 M© models, and the rotational correction for Am = 1, assuming solid body rotation. Our m = 0 frequency could be modified by rotational splitting by plus or minus the rotational correction for I = 1, or up to twice the rotational correction for £ = 2. Either model can match all ten frequencies using only radial, Í = 1, or t = 2 modes, with several possible i and m-identifications for some modes. The ten modes with asterisks are grouped under the ¿-identification of Breger et al. using Dziembowski's model. Additional information from photometry or spectroscopy is necessary to eliminate ambiguities in the £-identification.
Note the difference of 1 -2 μΗζ between the predicted and observed frequencies of the 1.80 and 1.82 MQ models for modes around 230 μΗζ for £ -1 and around 110//Hz for £ = 2. These modes have significant weight near the convective core boundary and are sensitive to small differences in the convective core sizes between the models. These differences hint at the promise of using è Scuti asteroseismology to discriminate between even small differences in convective core size due to convective overshoot or metallicity, once we have enough modes with definitive mode identifications and models of sufficient precision. Table 3 summarizes our comparison of the calculated and observed frequencies and possible mode identifications for the first 2.0 MQ model. Again, the modes with asterisks grouped under the mode identifications suggested by Breger et al. The modes labeled by question marks at 230 and 395 μΗζ are difficult to match with any of our calculated £ = 0, 1 and 2 modes, even when we take into account rotational splitting. Table 4 summarizes the comparison for the second 2.0 M© model. Using this model, only the 230 μΗζ mode is difficult to match. If we consider only these first 10 frequencies, our 1.80 -1.82 M® models match better than the 2.0 M© models. Table 5 lists the nine additional probable modes identified from the 1995 DSN campaign, kindly provided by M. Breger (1995, private communication) . We list possible mode identifications, again considering only £ = 0, 1 and 2 modes of the 1.8 and 2.0 M© models. Even including the maximal estimated rotational splitting correction of 4.8 μΗζ per m, the 1.80 MQ model cannot easily match the observed frequencies at 138 and 223 μΗζ. However, Breger notes that the 11.88 c/d (ξ 138 μΗζ) frequency needs confirmation. Our first 2.0 MQ model has difficulty matching the 218 and 330 μΗζ frequencies, even taking into account the maximal rotational splitting correction of 3.9 μΗζ per m. In addition, the two closely spaced frequencies at 21.23 and 21.55 c/d (246 and 250 μΗζ) look suspiciously like rotationally split modes, and the only mode that comes close to this frequency for the first 2.0 MQ model is a radial mode at 247 μΗζ. The second 2.0 M© model matches many of these nine modes better, but fails to match the 285 μΗζ mode. Thus, none of our present models satisfactorily matches all 19 frequencies. NOTES: * These model frequencies are our closest matches, but fit poorly even if we include the maximal rotational splitting corrections of ~ 4.8 and ~ 3.9 μΗζ for Am = 1 for the 1.8 M© and 2.0 M© models, respectively, t Our only model frequency close to this observed frequency is a radial mode, while the closely-spaced observed pair suggests a rotationally-split (£ > 0) mode.
Conclusions
There are evidently slight differences between our evolution code and that of Dziembowski that result in differences in the evolutionary tracks and interior structure of a model of a given mass and composition (possibly Ζ mixture of OPAL opacity tables, mixing length, or EOS). Our 1.8 MQ model is very similar to Dziembowski's 1.8 MQ model, and we are able to match the initial 10 FG Vir frequencies, usually with the same mode radial orders (k) and degrees i as chosen by Breger et al. However, we do not necessarily choose the same m, as our nonradial mode frequencies can differ from those of Dziembowski by several microhertz. Only our (1.80 -1.82) M® models match all 10 initial frequencies. None of our models match all 19 frequencies. Now we can begin to do real asteroseismology, by using the discrepancies to guide us in constructing new models. Later on, if no models match satisfactorily, we can use the remaining discrepancies as clues to correcting deficiencies in the structure and input physics of our evolution/pulsation models. It will be important to have many δ Scuti stars with many observed frequencies, so that we can look for systematic differences between prediction and observation which point to a specific modeling imperfection.
